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A feeding trial was performed with broilers receiving a diet of wheat-based feed (WBF), maize-based feed (MBF), or maize-based
concentrates supplemented with 15% or 30% crimped kernel maize silage (CKMS-15 or CKMS-30, respectively). The aim of the
study was to investigate the bacterial community compositions of the crop, gizzard, ileum, and cecum contents in relation to the
feeding strategy and age (8, 15, 22, 25, 29, or 36 days). Among the four dietary treatments, bacterial diversity was analyzed for MBF and
CKMS-30 by 454 pyrosequencing of the 16S rRNA gene. Since the diets had no significant influence on bacterial diversity, data were
pooled for downstream analysis. With increasing age, a clear succession of bacterial communities and increased bacterial diversity
were observed. Lactobacillaceae (belonging mainly to the genus Lactobacillus) represented most of the Firmicutes at all ages and in
all segments of the gut except the cecum. The development of a “mature” microbiota in broilers occurred during the period from days
15 to 22. Striking increases in the relative abundances of Lactobacillus salivarius (17 to 36%) and clostridia (11 to 18%), and a con-
comitant decrease in the relative abundance of Lactobacillus reuteri, were found in the ileum after day 15. The concentration of de-
conjugated bile salts increased in association with the increased populations of L. salivarius and clostridia. Both L. salivarius and
clostridia deconjugate bile acids, and increases in the abundances of these bacteria might be associated with growth reduction and gas-
trointestinal (GI) disorders occurring in the critical period of broiler life between days 20 and 30.

The chicken gastrointestinal (GI) tract harbors complex com-
munities of bacteria (1, 2). The communities are distributed

throughout the GI tract, but due to differences in morphology,
functionality, metabolic interactions, and microenvironment, re-
gional heterogeneity in community composition is observed
along the different GI segments (2, 3). The composition of the
bacterial communities is believed to be influenced mainly by age,
diet, and gut location. However, host genetics, rearing environ-
ment, stress, immune status, and interactions within bacterial
communities are also important factors (1–5). The bacterial com-
munities play a significant role in broiler growth, modulating the
development of the digestive tract, influencing the production of
bile acids and digestive enzymes, and consequently influencing
nutrient digestion and absorption (6–9). Further, they stimulate
gut immune functions (10, 11) and prevent the colonization of the
GI tract with avian-pathogenic or zoonotic bacteria via competi-
tive exclusion and the production of bacteriocins (9, 12). GI health
problems related to subclinical necrotic enteritis and nonspecific
small intestinal overgrowth of certain intestinal bacteria (dysbac-
teriosis) (13) have increased since antibiotic growth promoters
(AGPs) as feed additives were banned in the European Union (14,
15) GI health problems in broilers typically occur between the ages
of 20 to 30 days and result in wet litter, nonspecific enteritis, poor
weight gain, and decreased nutrient digestibility and absorption
(13, 16).

In order to control GI problems, different dietary interven-
tions have been suggested; among these, fermented feed has
gained increasing attention in animal nutrition. Fermented feed
has a low pH (3.5 to 4.5) and contains numerous lactic acid bac-
teria (LAB) (108 to 109 CFU/g feed) (17, 18) that have been shown
to improve chicken gut health (19, 20). The low pH of the fer-
mented feed results in acidification of the upper digestive tract,
supporting its function as a barrier against acid-sensitive patho-
genic bacteria such as Escherichia coli, Salmonella spp., and Cam-
pylobacter spp. (19, 21, 22). Like other fermented products,
crimped kernel maize silage (CKMS) is characterized by a low pH,

high lactic and acetic acid concentrations, and high LAB numbers.
CKMS is used in Danish pig production, primarily as an ingredi-
ent of fermented liquid feed, with positive results on gut health.
However, the influence of CKMS on the broiler gut microbiota
has not yet been investigated. A comprehensive understanding of
the development of the GI bacterial community in relation to age
and diet is essential in order to address the role of bacteria in the
etiology of GI problems and to develop dietary interventions to
resolve these problems (4). Therefore, the aim of this study was to
investigate the bacterial community composition in different seg-
ments of the broiler GI tract in relation to age and diet, with a
focus on the use of CKMS in maize-based diets.

MATERIALS AND METHODS
Experimental design. The trial was performed in accordance with the
guidelines of The Animal Experiments Inspectorate (Danish Veterinary
and Food Administration). A total of 480 day-old male broiler chicks
(Ross 308) were included. They were divided into four groups with four
replicates and were distributed randomly into 16 pens (30 birds/pen). The
birds were wing-tagged and were reared in pens with a floor area of 1.7 m2

(the floor was covered with a thin layer of wood shavings as bedding
material), with automatic control of temperature, light, and humidity. At
the age of 14 days, all birds were vaccinated (Nobilis Gumboro D78 Vet;
Merck Animal Health) against infectious bursal disease (IBD) via the
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drinking water. Fresh feed and water were provided ad libitum through-
out the experiment.

Compositions of diets. The starter diet (day 0 to day 8) was the same
for all groups and contained 22.5% crude protein (CP) and 11.4 MJ me-
tabolizable energy (ME) per kg of feed (Table 1). In the growing period
(day 9 to day 36), the birds were fed one of four grower diets. Group 1
received a wheat-based feed (WBF) containing 150 g/kg whole wheat on
days 8 to 28 and 300 g/kg whole wheat on days 29 to 36. The WBF diet was
included in the trial because it represents the conventional feeding strat-
egy in Denmark. Group 2 received maize-based feed (MBF) containing
58% maize. For groups 3 and 4, some of the maize was replaced by 15%
and 30% crimped kernel maize silage (CKMS), respectively, on a dry

matter (DM) basis; these diets are referred to as CKMS-15 and CKMS-30,
respectively. All four grower diets were formulated to be isocaloric (11.58
MJ/kg) and isonitrogenous (CP, 19.78%). Additionally, 10% whole wheat
was added to all maize-based diets in order to increase the feed structure
and ensure optimal gizzard function (23). Whole wheat and CKMS (after
thawing overnight) were added and mixed with the pelleted compound
feed on the farm prior to feeding. All four pelleted compound feeds were
formulated by taking the DM content of CKMS and added whole wheat
into consideration in order to obtain similar nutritional compositions
after mixing. No enzymes or coccidiostats were used in the entire feeding
trial. In all four ready-mixed grower diets, DM, dietary protein, ash, and
fat were analyzed using the methods described by Engberg et al. (23), and

TABLE 1 Compositions of the starter and grower experimental diets

Component

Concn in:

Starter feed for
all groups
(days 0–8)

Concentrated grower feeda

WBF
MBF
(days 9–36)

CKMS-15
(days 9–36)

CKMS-30
(days 9–36)Days 9–28 Days 29–36

Feed ingredients (g/kg)
Ready-mixed

Wheat 383.8 588.1 496.4 52.4 169.4 268.8
Maize 200.0 580.0 430.0 280.0
Rapeseed (LL), milled 20.0 20.0 20.0 15.0 15.0 20.0
Soybean meal (toasted) 323.7 310.2 381.6 301.1 329.7 366.1
Soybean oil 22.9 38.8 50.0 10.0 10.0 13.7
Calcium carbonate 10.9 10.2 12.4 9.9 10.8 12.1
Monocalcium phosphate 17.3 15.4 18.7 15.5 17.1 18.9
NaCl 1.9 2.3 2.7 1.5 1.9 2.2
Sodium-bicarbonate 2.5 1.8 2.2 2.7 2.7 2.9
Lysine hydrochloride (100%) 6.6 3.6 4.3 3.3 3.8 4.3
DL-Methionine (100%) 4.7 4.1 5.0 3.7 4.1 4.7
Threonine (98%) 1.7 1.3 1.6 0.9 1.1 1.3
Vitamin and mineral mixtureb 4.0 4.2 5.1 4.0 4.4 5.0

Added prior to feeding
Whole wheat 150.0 300.0 100.0 100.0 100.0
Crimped kernel maize silage 150.0 300.0

Composition of feed as determined by analysisc

Dry matter (g/kg) 872.4 873.7 821.3 765.9
Energy or component/kg of dry matter

AMEd (MJ) 13.88 13.64 13.63 13.55
Crude protein (N � 6.25) (g) 221.3 220.6 214.4 217.5
Starch (g) 443.2 475.0 484.9 477.3
Total sugar (g) 49.3 42.7 43.1 42.0
Total NSP (g) 113 108 108 107
Lignin (g) 18.0 12.0 16.0 13.0
Fat (g) 70.4 50.6 48.1 48.4
Ash (g) 53.8 53.6 54.0 53.9
Phosphorus (g) 7.0 7.4 7.4 7.5

Organic acid (mmol/kg of total feed)
Short-chain fatty acids

Acetic acid 6.2 6.4 13.8 18.5
Propionic acid 0.0 0.0 3.2 6.8
Benzoic acid 0.0 0.0 0.4 1.1

Lactic acid 2.1 2.0 26.7 66.3
a WBF, wheat-based feed; MBF, maize-based feed; CKMS-15, maize-based feed with 15% crimped kernel maize silage; CKMS-30, maize-based feed with 30% crimped kernel maize
silage.
b The vitamin and mineral mixture provided the following nutrients (with measurements expressed per kilogram of feed): retinol (retinyl acetate), 12,000 IU; cholecalciferol, 5,000
IU; vitamin E (DL-�-tocopherol acetate), 50 IU; vitamin E (synthetic), 54.9 IU; menadione, 3 mg; thiamine, 2 mg; riboflavin, 6 mg; pyridoxine, 4 mg; D-pantothenic acid, 13 mg;
niacin, 55 mg; betaine hydrochloride, 260 mg; folic acid, 2 mg; biotin, 200 �g; cyanocobalamin, 16 �g; calcium D-pantothenate, 1.08 g; FeSO4·7H2O, 20 mg; ZnO, 100 mg; MnO,
120 mg; CuSO4·5H2O, 18 mg; KI, 560 �g; Na2SeO3, 300 �g; CoCO3, 500 �g.
c Analysis was conducted on the complete feed after it had been mixed with CKMS and whole wheat. The composition of the starter diet was not analyzed.
d AME, apparent metabolizable energy.
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short-chain fatty acids (SCFA) and nonstarch polysaccharides (NSP) were
analyzed using the methods described by Jensen et al. (77) and Bach
Knudsen (24), respectively. Starches and sugars were analyzed using the
methods described by Bach Knudsen (24) and Jacobsen (25), respectively.
The apparent metabolizable energy (AME), expressed in megajoules per ki-
logram, was calculated as (0.3431 � % fat) � (0.1551 � % crude protein) �
(0.1669 � % starch) � (0.1301 � % total sugar) (26). The concentration of
phosphorus was measured as described by Carlson and Poulsen (27). Lactic
acid bacteria (LAB) were enumerated in the ready-mixed grower diets using
MRS agar as described below.

Fermentation of crimped kernel maize. CKMS was obtained from a
commercial pig farm in southern Denmark. The maize was harvested and
crimped in November 2012 and was then ensiled for approximately 8
weeks with the addition of an organic-acid mixture containing formic,
propionic, and benzoic acids and ammonium formate (Kemira AIV Pro,
Helsinki, Finland). After ensiling, CKMS was stored immediately in 20-kg
evacuated plastic bags in the freezer (�20°C) to maintain similar qualities
of silage throughout the feeding trial. DM, pH, and microbial counts
(coliform bacteria, lactose-negative bacteria, LAB, yeasts, and molds)
were analyzed before and after the ensiling as described by Engberg et al.
(23). In summary, DM was analyzed following the freeze-drying of sam-
ples. Coliforms and lactose-negative bacteria were enumerated on Mac-
Conkey agar incubated at 38°C for 24 h. LAB were counted on MRS agar
incubated in an anaerobic cabinet at 38°C for 48 h. Yeasts and molds were
enumerated on malt chloramphenicol agar (MCA) incubated aerobically
at 25°C for 48 h. Predominant LAB isolated from the MRS plates were
further identified by 16S rRNA gene sequencing according to a method
described previously (28). The BLAST algorithm was used to determine
the closest relatives of the retrieved sequences. The CKMS was tested for
the presence of mycotoxins according to the methods described by Sø-
rensen and Sondergaard (29).

Sampling. At each of six time points (days 8, 15, 22, 25, 29, and 36),
four birds were randomly selected from each pen and were killed by cer-
vical dislocation. The birds were weighed individually, and the contents of
the crop, gizzard, ileum (the intestinal segment caudal to Meckel’s diver-
ticulum), and cecum were collected. Equal amounts of intestinal contents
from the four chickens (4 g/bird) of each pen were pooled by segment. The
samples were mixed thoroughly and were divided into 2 subsamples for
DNA-based and culture-based analysis, respectively. Samples for DNA
analysis were immediately frozen in liquid nitrogen and were then stored
at �80°C until analysis. The samples for bacterial culture were analyzed
for pH using a glass electrode and a reference electrode before bacterial
cultures were made.

Bacterial culture and short-chain fatty acid analysis. Coliform bac-
teria, lactose-negative enterobacteria, LAB, Clostridium perfringens, and
total anaerobes in the crop, gizzard, ileum, and cecum contents were
enumerated as described by Engberg et al. (23). The concentrations of
SCFA and lactic acid in the crop, gizzard, ileum, and cecum contents were
measured as described by Canibe et al. (18).

DNA extraction. In order to compare the gut bacterial compositions
of animals receiving the maize-based diets expected to be most diverse, it
was decided to extract DNA from the intestinal contents of birds receiving
MBF and from those of birds receiving CKMS-30. DNA was extracted
from the crop, gizzard, ileum, and cecum contents of broilers using
QIAamp DNA stool minikits (Qiagen). Briefly, approximately 200 mg
(400 mg for the ileum) of digesta was placed in a 2-ml microcentrifuge
tube. After bead beating for 2 min with 700 �l stool lysis buffer (buffer
ASL, provided in the kit), the preparation was centrifuged for 1 min at
7,000 � g, transferred to a 2-ml tube containing 500 �l buffer ASL, vor-
texed for 1 min, and heated for 5 min at 95°C. The preparation was al-
lowed to cool before the addition of 140 �l lysozyme solution (10 mg/ml)
and was then kept at 37°C for 30 min. After centrifugation at 20,000 � g
for 1 min, the supernatant was transferred to a new microcentrifuge tube.
From this point, the QIAamp DNA stool minikit protocol was followed
with the addition of the InhibitEx tablet supplied with the kit.

Bacterial community compositions of MBF and CKMS-30 birds as
determined by pyrosequencing of 16S rRNA genes. The phylogenetic
compositions of the bacterial communities were determined by pyrose-
quencing of the 16S rRNA genes amplified from DNA extracted from
digesta. Regions V1 to V3 of the bacterial 16S rRNA gene were amplified
from DNA using a two-step protocol as described previously (30). The
first amplification was carried out for 20 cycles using the primer set com-
prising 8fAll (5=-GRGTTYGATYMTGGCTCAG-3=) and HDA2 (5=-GTA
TTACCGCGGCTGCTGGCAC-3=) (31). The following conditions were
used to amplify the 16S rRNA sequences for pyrosequencing: 94°C for 30
s, 56°C for 30 s, 72°C for 45 s, and a final extension step of 72°C for 5 min.
This product was diluted 1:5 with PCR-grade water, and 1 �l was used as
the template in a 25-�l secondary PCR mixture. The secondary PCR was
carried out for 25 cycles using primer 8fAll with 454 sequencing Lib-A
adapter sequence A (CGTATCGCCTCCCTCGCGCCATCAGGRGTTY
GATYMTGGCTCAG) and primer HDA2 with 454 sequencing Lib-A
adapter sequence B plus a 10-base barcode (shown as 10 N=s) (CTATGC
GCCTTGCCAGCCCGCTCAGNNNNNNNNNNGTATTACCGCGGC
TGCTGGCAC) using conditions identical to those of the primary PCR
except that the extension temperature of 72°C was held for 1 min instead
of 45 s. Products were cleaned using a NucleoSpin Gel and PCR Clean-up
kit (Macherey-Nagel, Germany) and were quantified using a Qubit dou-
ble-stranded DNA (dsDNA) high-sensitivity (HS) assay kit and a Qubit
fluorometer (both from Invitrogen). Equivalent quantities of the PCR
product from each sample were pooled to obtain a set volume of 100
ng/�l, and the pooled products were sent to Macrogen (South Korea) for
unidirectional sequencing from the reverse primer using the Roche 454
genome sequencer with titanium chemistry.

Sequencing results were analyzed using Quantitative Insights into Mi-
crobial Ecology (QIIME), version 1.8.0, and UPARSE pyrosequencing
pipeline packages with default settings (32, 33). Sequences were excluded
from analysis if they had an average quality score of �25, contained one or
more ambiguous bases, or had �2 mismatches with the sequencing
primer. After splitting into bar-coded samples and initial quality filtering,
the sequences were passed through the QIIME pipeline using default pa-
rameters, including chimera checking. Sequences were filtered to a fixed
length of 250 bp, and reads were clustered at 97% sequence identity into
operational taxonomic units (OTUs). Taxonomic data were generated for
the OTUs using the RDP classifier after filtering out the cyanobacteria by
checking against the Greengenes database. Furthermore, BLAST within
the NCBI database was used for assigning additional taxonomy data by
checking the representative sequences.

Bile acid analysis. The specific phylogenetic composition of the ileal
microbiota has been shown to influence the deconjugation of bile salts
and hence lipid digestion (28, 34). Therefore, the concentrations of con-
jugated and deconjugated bile acids in ileal samples were quantified by
reversed-phase high-performance liquid chromatography (HPLC) with
pulsed amperometric detection as described previously (35, 36).

Statistical analysis. The nonparametric statistical tests ANOSIM
(analysis of similarity) and ADONIS, based on ANOVA (analysis of vari-
ance), were used in order to determine if there were differences between
the two treatments (MBF and CKMS-30) based on a categorical variable
found in the metadata mapping file. The compare_categories.py script of
QIIME, using a distance matrix generated with the unweighted UniFrac
metric, was used. A nonparametric t test was used to compare the rarefac-
tion curves (generated by alpha diversity indices using compare_
alpha_diversity.py script of QIIME) of samples collected at different ages
and from different gut segments.

The effects of diet on pH, microbial counts, SCFA and lactic acid
concentrations, relative abundances (expressed as percentages) of bacte-
ria, and bile acids in the intestinal contents over a range of days were
analyzed using the mixed-model procedure of SAS for Windows, version
9.3 (SAS Institute, 2012) applying the model Yij 	 � � �i � 
j � (�
)ij �
Up � εijp, where Yij is the observed response, � is the overall mean, �i is the
effect of treatments (WBF, MBF, CKMS-15, and CKMS-30), 
j is the
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effect of days, (�
)ij is the effect of the interaction between treatments and
days, Up is the variance component that accounts for the correlation be-
tween measurements made in the same pen, and εijp is the residual error.

Relative abundance measures of sequencing data were used for statis-
tical analysis, since these data were normalized by the number of se-
quences per sample. Comparison between the means for diet groups was
performed with a t test, and pairwise comparisons were carried out after
correction for multiplicity using the Bonferroni-Holm adjustment (37).

Statistical analysis of the results of body weight and bird mortality was
conducted using the General Linear Model (GLM) procedure of SAS ac-
cording to the general model Yi 	 � � �i � εi, where Yi is the observed
dependent variable, � is the overall mean, � is the effect of treatments
(MBF, CKMS-15, and CKMS-30), and εi is the random error.

Results are reported as least square means (LSMeans) with a pooled
standard error (SE). Probability values of �0.05 were accepted as indicat-
ing significant differences between means.

RESULTS
Biochemical and microbial analyses of the maize and com-
pound feeds. The pH of the crimped maize decreased from 5.5 to
4.2 after ensiling. During ensiling, LAB counts increased from 7.54
to 8.23 log10 CFU/g, while the counts of coliform bacteria, lactose-
negative enterobacteria, yeasts, and molds decreased below 3.00
log10 CFU/g. Three predominant LAB species, namely, Lactobacil-
lus plantarum subsp. plantarum, Lactobacillus brevis, and Lactoba-
cillus nantensis, were identified in CKMS by 16S rRNA gene se-
quencing of isolates. Among the ready-mixed grower diets, LAB
counts were highest in CKMS-30 (6.89 log10 CFU/g), followed by
CKMS-15 (6.54 log10 CFU/g), MBF (3.60 log10 CFU/g), and WBF
(3.00 log10 CFU/g). Tests for mycotoxins in the CKMS showed
low concentrations of deoxynivalenol (87 �g/kg DM) and ennia-
tin B (38 �g/kg DM).

Production performance. Final body weight at day 36 was
higher (P 	 0.02) for MBF-fed broilers (2,918 g/bird) than for
CKMS-30-fed broilers (2,610 g/bird). The weight of broilers fed
WBF or CKMS-15 was recorded as 2,501 g/bird or 2,752 g/bird,
respectively. Broiler mortality was significantly lower (P � 0.001)
in groups fed CKMS. No mortality was recorded in the CKMS-30
group, while mortality was 0.8% in the CKMS-15 group. Higher
mortality was observed in broilers fed WBF (6.7%) and MBF
(4.2%).

Culture-based enumerations of bacteria, pH, and short-
chain fatty acid concentrations. Bacterial counts (see Table S1 in
the supplemental material) revealed only minor differences be-
tween the dietary treatments. In the gizzard, the counts of LAB
(P 	 0.008) and total anaerobic bacteria (P � 0.001) were lower
when birds were fed maize-based diets than when they received
WBF. Counts of coliforms and lactose-negative enterobacteria in
the ileum and cecum tended to be lower in birds fed maize-based
diets. The number of LAB in the gizzard was higher when birds
received WBF (P 	 0.008) than when they received maize-based
diets. In the other segments, no differences were found between
the dietary groups with respect to LAB. The results further showed
an influence of broiler age on bacterial counts. In the crop, the
numbers of coliforms (P 	 0.005) and lactose-negative enterobac-
teria (P 	 0.006) decreased with age and were significantly lower
on day 29 and day 36 (see Table S1). No differences in bacterial
counts were observed in the gizzard. In ileal contents, lactose-
negative enterobacteria increased approximately 10-fold from day
8 to day 15 (P � 0.001) and decreased afterwards. Likewise, in
cecal contents, the numbers of coliform bacteria (P � 0.001),

lactose-negative enterobacteria (P � 0.001), and LAB (P � 0.001)
decreased gradually as the birds grew older.

The pH of gizzard contents (see Table S2 in the supplemental
material) was lowest (pH 3), followed by that of crop contents (pH
5). In birds fed CKMS, the pH of crop contents tended to be lower
(P 	 0.08) than those for the other groups. The cecal pH was
lowest when birds were fed WBF (P � 0.001). Except for the crop,
the pH of the intestinal contents varied with bird age. In the giz-
zard (P 	 0.009) and cecum (P � 0.001), the pH increased
throughout the growth period and was significantly higher at day
36 than at day 8. Ileal pH was lowest during the period from day 21
to day 25 and increased again until day 36 (P � 0.001). The major
product of microbial fermentation was lactic acid in the crop,
gizzard and ileum, whereas it was acetic acid in the cecum (see
Table S2). The concentration of propionic acid increased from
day 8 to day 36. A similar trend was observed with respect to acetic
acid in ileal contents. In the cecum, lactic acid (P � 0.001) and
succinic acid (P � 0.001) concentrations declined rapidly at day
15 and remained low throughout the growing period, while the
butyric acid concentration increased with bird age (P � 0.001). In
general, the concentration of organic acids was highest in the ce-
cum and lowest in the gizzard. The influence of diets on organic-
acid concentrations in different GI segments was minimal. Since
the influence of diet on microbial counts and organic-acid concen-
trations appeared limited, it was decided to conduct 16S rRNA gene
pyrosequencing only on samples from birds receiving either of two
extreme treatments based on maize, i.e., MBF and CKMS-30.

Compositions of bacterial communities in birds fed MBF or
CKMS-30 as determined by pyrosequencing of 16S rRNA gene
amplicons. After quality filtering using UPARSE, an average of
1,490 or 1,321 sequences was recovered from each bar-coded sam-
ple, with a total of 143,081 or 126,798 sequences obtained from
birds fed MBF or CKMS-30, respectively, for downstream analy-
sis. The sequences were clustered into 292 OTUs or 308 OTUs for
MBF or CKMS-30, respectively, using a 97% similarity cutoff.
Alpha diversity analysis revealed comparable bacterial communi-
ties for the two dietary groups (P 	 0.23). Likewise, unweighted
UniFrac-based distance matrices (beta diversity) showed no dif-
ference in microbiota composition between the two diets (Fig. 1).
The statistical test run by QIIME further confirmed that there
were no significant differences regarding beta diversity (P, 0.07 by
ANOSIM and 0.08 by ADONIS) between the MBF and CKMS-30
groups. Comparable results were obtained when individual but
similar gut segments of MBF and CKMS-30 birds were compared
separately, e.g., the crop (P, 0.36 by ANOSIM and 0.35 by
ADONIS), gizzard (P, 0.42 by ANOSIM and 0.61 by ADONIS),
ileum (P, 0.19 by ANOSIM and 0.30 by ADONIS), and cecum (P,
0.55 by ANOSIM and 0.68 by ADONIS). Since no apparent dif-
ferences were observed between the MBF and CKMS-30 groups,
further analyses were carried out on a pooled data set to study the
succession of bacterial communities in the different GI segments.

Temporal variation of bacterial community compositions in
the crop, gizzard, ileum, and cecum as determined by pyrose-
quencing of 16S rRNA gene amplicons. A total of 277,294 reads
were obtained from the 192 samples covering an average of 1,444
reads per sample after quality filtering using UPARSE. At 97%
similarity, the filtered sequences were clustered into 324 OTUs.
The rarefaction curves for alpha diversity by the PD_whole_tree
(Fig. 2) and Chao1, “Observed Species,” and Shannon and Simp-
son (not shown) diversity indices further demonstrated that the

Ranjitkar et al.

2402 aem.asm.org April 2016 Volume 82 Number 8Applied and Environmental Microbiology

http://aem.asm.org


greatest diversity of the microbiota was present in the cecum, fol-
lowed by the gizzard, ileum, and crop. The alpha diversities for the
GI segments were significantly different from each other, as shown
by PD_whole_tree (P 	 0.02) and other diversity indices (P 	
0.01) (data not shown). Higher alpha diversity was observed with

increasing age of the birds, as demonstrated by various diversity
metrics (data not shown). There was a clear increase (P � 0.001)
in alpha diversity from day 22 onward as shown by different ma-
trices, but a significant drop in diversity was observed at day 29
(see Table S3 in the supplemental material). Furthermore, beta

FIG 1 Principal coordinate analysis plot of unweighted pairwise UniFrac distances showing clustering of bacterial groups in the intestinal contents of broilers
fed MBF (red spheres) or CKMS-30 (blue spheres). The plot for each dietary treatment represents the pooled data for six sampling days (days 8, 15, 22, 25, 29 and
36) and four intestinal segments (the crop, gizzard, ileum, and cecum).

FIG 2 Alpha diversity rarefaction curves measuring phylogenetic diversity (PD) with respect to sequence accumulation per sample of four intestinal segments
(crop, gizzard, ileum, and cecum). The alpha diversity plot for each segment represents the pooled data for six sampling days (days 8, 15, 22, 25, 29, and 36) from
both dietary treatments (MBF and CKMS-30).
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diversity metrics clearly indicated the difference in the bacterial
communities among GI segments (Fig. 3) and age groups (Fig. 4).
Statistical analysis of beta diversity further demonstrated the dif-
ferences between GI segments (P, 0.001 by both ANOSIM and
ADONIS) and birds of different ages (P, 0.001 by both ANOSIM
and ADONIS).

In all age groups, the Firmicutes were the predominant phylum
throughout the GI tract, representing 97 to 98% of the bacterial
community in the crop (see Table S4 in the supplemental mate-
rial), 87 to 98% in the gizzard (see Table S4), 94 to 98% in the
ileum (see Table S5 in the supplemental material), and 58 to 96%
in the cecum (see Table S6 in the supplemental material). The
relative abundance of Firmicutes varied only in the gizzard (P 	
0.031) and cecum (P � 0.001), where it decreased as broilers grew
older. Actinobacteria were the only phylum identified in the crop
with an abundance of �1% during the entire growth period (see
Table S4). In the gizzard, Proteobacteria decreased with age (P 	
0.01), but Actinobacteria became dominant (P � 0.001) in older
broilers (see Table S4). In the ileum (day 8 and day 15) and cecum
(day 8), Proteobacteria were the second most abundant phylum,
but Actinobacteria dominated the ileum, whereas Bacteroidetes be-
came dominant in the ceca of older broilers. In the cecum (see
Table S6), the levels of Bacteroidetes (P � 0.001), which were de-
tected only from day 15 (2%), were increased at day 22 (24%) and
day 29 (36%).

Within the phylum Firmicutes, Lactobacillaceae was the most
abundant family in the crop (94 to 98%), gizzard (59 to 86%), and
ileum (61 to 73%), and abundances were stable throughout the
growing period of broilers. In the gizzard, the relative abundances

of Lachnospiraceae, Enterococcaceae, and Comamonadaceae were
higher in the early growth period, but gradually the abundance of
microbiota shifted toward Planococcaceae, Clostridiaceae, Staphy-
lococcaceae, Brevibacteriaceae, and Corynebacteriaceae in the final
growth period of broilers. The Ruminococcaceae (4 to 9%) were
relatively stable in the gizzard at all ages (see Table S4 in the sup-
plemental material). In the ileum, Enterococcaceae (P � 0.001)
showed moderate abundance (25%) at day 7 but declined sharply
below 1% at day 15 and remained low throughout the growing
period, whereas Clostridiaceae increased from 5% at day 8 to 19%
at day 36 (see Table S5 in the supplemental material). In contrast
to the crop, gizzard and ileum, where Lactobacillaceae were dom-
inant, Ruminococcaceae and Lachnospiraceae, belonging to the
phylum Firmicutes, and Rikenellaceae (phylum Bacteroidetes) were
most abundant in the cecum. The abundances of Lachnospiraceae,
Lactobacillaceae, and Enterobacteriaceae shifted significantly in fa-
vor of Rikenellaceae and Clostridiaceae as broilers grew older (see
Table S6 in the supplemental material). The Rikenellaceae sharply
increased from 2% (day 15) to 24% (day 22) and then to 36% (day
29). In contrast, Lachnospiraceae and Ruminococcaceae declined
by 8% and 11%, respectively, at day 22. A 10% decrease in the
relative abundance of Ruminococcaceae was observed on day 29.

At the genus level, Corynebacterium and Staphylococcus repre-
sented most of the Corynebacteriaceae and Staphylococcaceae, re-
spectively, in the crop, but their abundances remained below 1%
(see Table S4 in the supplemental material). At day 8, the gizzard
was dominated mainly by Roseburia (6%) and Ruminococcus
(7%), but gradually their abundances decreased below 2% as the
broilers grew older. In the meantime, bacterial genera started to

FIG 3 Principal coordinate analysis plot of unweighted pairwise UniFrac distances showing clustering of bacterial groups present in the crop (blue spheres),
gizzard (orange spheres), ileum (green spheres), and cecum (red spheres) contents. The plot for each segment represents the pooled data for all sampling days
(days 8, 15, 22, 25, 29, and 36) and two dietary treatments (MBF and CKMS-30).
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alter at day 22, with increased abundances of Clostridium,
Staphylococcus, Acinetobacter, and Corynebacterium (see Table
S4). In the ileum, the relative abundance of Enterococcus decreased
sharply from 25% at day 8 to below 1% at day 15 and remained low
thereafter. However, increases in the relative abundances of Clos-
tridium (1% to 18%) and Streptococcus (1% to 5%) were observed
during the growth of broilers from day 8 to day 36 (see Table S5 in
the supplemental material). In the cecum, Ruminococcus (16 to
23%) was the dominant genus, and its levels remained stable
throughout the growing period. As the broilers grew older, the
relative abundances of Roseburia (20% to 8%), Blautia (10% to
2%), and Escherichia (5% to 0.2%) decreased, whereas the relative
abundances of Faecalibacterium (0.4% to 8%), Alistipes (0 to
20%), and Clostridium (0.7% to 4%) increased. A significant in-
fluence of diet on the abundances of Streptococcus in ileal (P 	
0.004) and cecal (P 	 0.03) contents was observed. The abun-
dance of Streptococcus was higher in broilers receiving MBF than
in those receiving CKMS-30 (data not shown).

Temporal variation of Lactobacillus species in the crop, giz-
zard, ileum, and cecum. Lactobacillus represented most of the
Lactobacillaceae (99 to 100%) in all GI segments. In the crop (94 to
98%) and ileum (61 to 73%), the genus Lactobacillus was domi-
nant and remained stable during the entire broiler production
period. In the gizzard, Lactobacillus abundance decreased gradu-
ally from day 15 (86%) to day 36 (58%), whereas in the cecum, it
decreased from 17% to 8% at day 15 and remained low (2 to 3%)
during the rest of the growth period (P � 0.001). At all ages, four
Lactobacillus species (namely, Lactobacillus johnsonii, Lactobacillus

reuteri, Lactobacillus crispatus, and Lactobacillus salivarius) were
present in all segments (Table 2). In general, L. johnsonii was
dominant through most of the growing period of broilers. Al-
though L. plantarum and L. brevis were present in high numbers in
birds fed CKMS-30 (6.89 log10 CFU/g), their relative abundances
in the GI tract were very low. They were not detected in crop
contents, whereas their abundances in the gizzard, ileum, and ce-
cum were �0.3% (data not shown). The relative abundances of L.
reuteri and L. crispatus were higher during the early growth period
(up to day 15), whereas L. salivarius dominated the final growth
phase at the expense of L. reuteri (from day 22) in all the GI seg-
ments. In cecal contents, the abundance of L. salivarius was influ-
enced by the diet and was higher (P 	 0.001) in broilers fed
CKMS-30 than in those fed MBF (Table 2). Sharp increases in the
relative abundances of L. salivarius were observed from day 15 to
day 22 in the crop (26%), gizzard (8%), and ileum (25%), and
levels remained high throughout the growing period.

Ileal bile acid concentrations. The composition of the micro-
biota of the ileum is known to be associated with the deconjuga-
tion of bile salts in that region (28, 34, 38). We observed that the
proportion of deconjugated bile acids was higher in the ilea of
birds receiving CKMS-30 (P 	 0.018) than in those of the other
groups (Table 3). An age-related difference was found with regard
to the total bile acid concentration (P 	 0.001): the highest con-
centrations were observed on day 8 and day 36. The proportion of
deconjugated bile acids decreased from day 8 to day 15 and then
increased again at day 22 to remain relatively stable during the rest
of the growth period (P 	 0.021).

FIG 4 Principal coordinate analysis plot of unweighted pairwise UniFrac distances showing clustering of bacterial groups present on six sampling days
(days 8, 15, 22, 25, 29, and 36). The plot represents the pooled data for four intestinal segments (crop, gizzard, ileum, and cecum) and two dietary
treatments (MBF and CKMS-30).

Broiler Gut Microbiome

April 2016 Volume 82 Number 8 aem.asm.org 2405Applied and Environmental Microbiology

http://aem.asm.org


DISCUSSION

Fermented feed has been suggested as a promising nutritional
strategy to modulate the gut microbiota, resulting in an effective
acidification of the upper digestive tract and thus preventing acid-
sensitive, potentially pathogenic bacteria from colonizing the in-
testine (19, 21, 22, 39, 40). However, as determined by culture-
dependent and culture-independent methods, the influence of
CKMS on the gut bacterial community was quite limited. Consid-
ering the lower mortality of birds receiving CKMS, this result may
be surprising. However, the difference in mortality has been found
to be closely related to lower drinking water intake, improved
litter quality, and improved footpad health (41).

It should be noted that in this study, fermented maize was used
as a feed supplement at a maximum inclusion level of 30%. Di-
etary supplementation with CKMS at that concentration contrib-
utes a Lactobacillus concentration of only �7 log10 CFU/g feed,

which is approximately 1,000 times lower than that in fermented
compound feed (9 log10 to 10 log10 CFU/g feed) as reported by
Engberg et al. (19). The minimal effect of the diet used in this study
was further supported by similar pH values and organic-acid concen-
trations in intestinal contents (see Table S2 in the supplemental ma-
terial). However, due to the addition of propionic acid during the
ensiling process, the concentration of propionic acid in CKMS was
higher than that in unfermented maize, which was reflected by higher
propionate concentrations in the crops of birds receiving CKMS. The
concentration of propionic acid in the crop increased with age due to
the increased feed intake of the growing broiler. The higher concen-
trations of acetate in the crops of birds fed CKMS can likewise be
explained by the fermentation process, where acetate is a fermenta-
tion product of a variety of bacteria.

Since higher LAB counts were found in CKMS-30 (6.89 log10

CFU/g) than in MBF (3.60 log10 CFU/g), differences between LAB

TABLE 2 Relative abundancesa of Lactobacillus species in the crops, gizzards, ilea, and ceca of broilers at different ages

Intestinal segment
and species

Relative
abundance with
the following diet:

SE for
abundance
by diet

Relative abundance on day:
SE for
abundance
by day

P value for effectb

of:

MBF CKMS-30 8 15 22 25 29 36 Day Diet

Crop
L. johnsonii 50.0 47.6 4.3 47.7 56.4 51.6 46.3 50.5 40.4 10.1 0.719 0.598
L. reuteri 14.5 15.0 3.4 19.8 AB 23.8 A 8.7 B 17.0 AB 8.3 B 10.9 AB 4.4 0.005 0.868
L. crispatus 5.3 6.0 4.2 23.3 A 4.2 B 1.8 B 0.5 B 1.5 B 2.8 B 7.7 0.047 0.901
L. salivarius 24.8 23.9 5.5 2.2 B 7.0 B 32.6 A 32.7 A 33.6 A 37.9 A 7.6 �0.001 0.869

Gizzard
L. johnsonii 37.3 36.3 5.8 36.0 AB 55.4 A 33.1 AB 31.1 B 32.4 AB 32.9 AB 8.3 0.049 0.871
L. reuteri 5.6 7.2 1.8 7. 0AB 11.8 A 4.1 AB 6.2 AB 3.2 B 6.0 AB 2.7 0.053 0.412
L. crispatus 2.9 2.9 1.2 6.5 3.6 1.7 0.9 1.6 3.2 2.5 0.261 0.987
L. salivarius 8.0 8.1 1.5 0.3 B 3.7 AB 12.3 A 14.5 A 10.7 AB 6.8 AB 3.8 0.006 0.935

Ileum
L. johnsonii 38.5 37.9 5.3 34.8 45.1 39.6 48.8 34.6 26.5 8.5 0.139 0.908
L. reuteri 4.6 B 6.4 A 0.4 10. 0 A 10.0 A 3.6 B 5.0 AB 3.2 B 1.6 B 1.3 0.003 �0.001
L. crispatus 5.7 5.6 2.3 15.6 7.2 3.0 2.2 2.2 3.7 5.2 0.100 0.988
L. salivarius 16.7 19.5 3.7 0.9 B 0.9 B 26.5 A 17.1 AB 27.3 A 35.8 A 6.6 �0.001 0.496

Cecum
L. johnsonii 3.0 2.4 0.4 7.0 A 4.0 B 1.4 BC 1.4 BC 0.8 C 1.1 C 0.9 �0.001 0.230
L. reuteri 1.2 2.2 0.5 6.7 A 2.6 B 0.2 B 0.1 B 0.2 B 0.3 B 1.1 �0.001 0.074
L. crispatus 0.7 0.8 0.5 3.6 A 0.8 B 0.1 B 0.01 B 0.0 0.1 B 0.8 �0.001 0.839
L. salivarius 0.6 B 1.4 A 0.1 0.1 B 0.3 B 1.2 B 1.5 A 1.3 A 1.8 A 0.4 �0.001 0.001

a Expressed as LSMeans of percentages. Only Lactobacillus species with a relative abundance of �1% on one of the six sampling days are presented here. Values followed by different
capital letters in the same row differ significantly (P � 0.05).
b No significant interaction between day and diet was observed.

TABLE 3 Bile acid concentrations and proportions of conjugated and deconjugated bile acids in ileal contents of broilers fed wheat-based feed,
maize-based feed, or maize-based feed with 15% or 30% crimped kernel maize silage at different agesa

Bile acids

Concn or proportion with the following
diet:

SE for
diet

Concn or proportion on the following day:
SE for
day

P valueb for
effect of:

WBF MBF CKMS-15 CKMS-30 8 15 22 25 29 36 Diet Day

Total (mmol/kg) 59.1 51.0 49.9 58.5 4.6 61.9 A 42.4 C 47.6 B 57.3 AB 49.5 B 69.0 A 4.2 0.143 0.001
Total deconjugated (%) 36.4 B 38.8 AB 37.8 B 43.6 A 2.0 42.6 A 33.7 B 40.2 A 40.6 A 39.5 A 38.3 AB 2.5 0.018 0.021
Total conjugated (%) 63.6 A 61.2 AB 62.2 A 56.4 B 2.0 57.4 B 66.3 A 59.8 B 59.3 B 60.5 B 61.7 AB 2.5 0.018 0.021
a Results are expressed as LSMeans. Values followed by different capital letters in the same row differ significantly (P � 0.05).
b No significant interaction between day and diet was observed.
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numbers in the GI contents of the two dietary groups were ex-
pected. However, considering the high Lactobacillus numbers nat-
urally present in crop contents (109 CFU/g), the contribution of
CKMS, providing Lactobacillus spp. at about 107 CFU/g of diet,
will be approximately 1%. Likewise, differences in the abundances
of different Lactobacillus species were expected, especially in crop
contents, since CKMS provided L. plantarum, L. brevis, and L.
nantensis. However, these species were found to have negligible
abundances (0.3% in all GI tract segments) or were not identified
at this location (Table 2). It would be interesting to understand the
fate of these species and the possible modulatory action of probi-
otics containing Lactobacillus spp. on the gut microbiota. Based on
our results, the modulatory action of Lactobacillus spp. provided
as probiotic feed additives or fermented feed will possibly be more
effective if used in higher concentrations, exceeding 109 CFU/g
of feed.

The present study showed a dynamic heterogeneity of the gut
microbiota in relation to the different GI segments (crop, gizzard,
ileum, and cecum), along with the development of bacterial diver-
sity in growing broilers. Differences in bacterial composition be-
tween different GI segments were observed (Fig. 3). These differ-
ences have been reported to be related to differences in gut
morphology, pH, oxygen concentration, nutrient availability, and
the presence of bile acids and digestive enzymes (42). As in previ-
ous reports (43–45), the highest bacterial diversity was found in
the cecum (Fig. 2), a finding supported by both higher concentra-
tions and a higher diversity of organic acids in cecal contents (see
Table S2 in the supplemental material).

The dominant bacteria in the crop belonged to the genus Lac-
tobacillus, with a relative abundance of 97 to 98% (see Table S4 in
the supplemental material), which is in agreement with earlier
reports (46, 47). The crop is a habitat unlike other parts of the
digestive tract. Lactobacilli adhere to the surface of the nonsecre-
tory, squamous epithelium and multiply to produce a biofilm.
The production of lactic acid by the lactobacilli produces a hostile
environment for other bacteria. The numerical dominance of the
lactobacilli in the crop is a normal feature that has been extensively
documented in the scientific literature (48–50). Lactobacilli are
shed from the crop epithelium, pass to the remainder of the gut,
and hence dominate the collections of bacteria found in the small
intestine. They are not dominant in the cecum, as verified by our
data (2 to 3% of mature microbiota), due to the predominance of
obligately anaerobic bacteria.

In contrast to previous studies reporting the presence of only
four bacterial genera (Enterococcus, Streptococcus, Lactobacillus,
and Escherichia) in the gizzard (51–53), our results revealed a rel-
atively complex bacterial community at this location, comprising
5 phyla and 17 genera (see Table S4 in the supplemental material).
The sequencing of 16S rRNA in this study, as opposed to the
limitations of the culturing techniques in the previous studies, is
responsible for obtaining a more diverse bacterial population in
the gizzard. Compared to that in the other segments, the bacterial
composition of gizzard contents seems to vary considerably (Fig.
3). However, due to the low pH in the gizzard, low bacterial num-
bers (see Table S1 in the supplemental material) and decreased
bacterial activity were recorded, as indicated by low lactic and
acetic acid concentrations (see Table S2 in the supplemental ma-
terial). Compared to the cecum, lower bacterial activity, in terms
of lower organic-acid concentrations, was found in the ileum (see

Table S2), which can be explained by a shorter transit time of
digesta at that location (42).

As in previous reports (54–56), bacterial diversity increased
with broiler age, as indicated by the presence of a more complex
bacterial community structure in older broilers (see Table S3 in
the supplemental material). As shown in Fig. 4, the bacterial com-
position was different from day 22 onward from that observed up
to day 15. No difference in beta diversity was observed between
day 22 and day 36, indicating the development of a “mature”
microbiota after day 15. Bacteria belonging to the genus Lactoba-
cillus are the early colonizers of the entire GI tract in the young
bird (57, 58). Throughout the whole production period, the abun-
dance of lactobacilli remained relatively stable in the crop, gizzard,
and ileum, whereas in the cecum, Lactobacillus spp. were replaced
by other bacteria beginning at day 15. These findings are sup-
ported by the LAB counts (see Table S1 in the supplemental ma-
terial) and lactic acid concentrations (see Table S2 in the supple-
mental material), which remained constant in the crop, gizzard,
and ileum throughout the growing period. However, in the ce-
cum, a decline in the relative abundance of Lactobacillus spp. with
increasing age of the broilers was accompanied by a decreased LAB
count (see Table S1). Lactic acid concentrations in the cecum are
usually low in the older bird, since lactic acid is a substrate for
butyrate-producing bacteria, such as Clostridium, Faecalibacte-
rium, and Ruminococcus spp. (59, 60).

Clostridium has been reported to be a major genus in the ce-
cum, ranging from 20 to 47% depending on the age of the bird (55,
61, 62). In the present study, the relative abundance of Clostridium
spp. in the cecum, estimated by DNA sequencing, was below 5%
throughout the growing period. This is in agreement with the low
cecal counts of C. perfringens (see Table S1 in the supplemental
material). The genus Bacteroides was not detected in the ileum or
cecum at any time point, in contrast to reports by other authors of
abundances of 1 to 20% in the ileum (55, 63) and 18 to 22% in the
cecum (55, 63–65). In the present study, the genus Alistipes, be-
longing to the same phylum (Bacteroidetes), was found to have an
abundance similar to the reported Bacteroides abundances (up to
36%) in the cecum. In comparing the results of these studies, it
should be noted that the rearing environment, dietary ingredients,
growth rate, and age influence the gut microbiota of poultry (4, 55,
56, 66, 67). Therefore, a direct comparison of the results from this
study with those from the others may be difficult.

With respect to different Lactobacillus species, a clear temporal
variation was found throughout the GI tract (Table 2). The in-
crease in the abundance of L. salivarius in the period after day 15
was associated with a shift in Lactobacillus species abundances in
which L. salivarius replaced L. reuteri and L. crispatus in older
broilers. The abundances of L. reuteri and L. salivarius were in
accordance with the report that L. reuteri is an early colonizer,
whereas L. salivarius is detected in older birds (58). This study
further determined the direct influence of the Lactobacillus com-
position of the upper digestive tract (crop and gizzard) on the
succession of Lactobacillus species in the ileum and cecum (Table
2). A similar succession of Lactobacillus species starting from the
crop and continuing to the ileum has been observed previously
(58). The crop can be considered a seeding organ for the lower
digestive tract, which implies that a modulation of the composi-
tion of the Lactobacillus population in the upper digestive tract
may be a useful tool for achieving a desired Lactobacillus popula-
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tion in the lower gut, especially the ileum, in order to maintain gut
health.

Lactobacillus species are commonly used as probiotics in poul-
try nutrition due to their potential role in decreasing colonization
by enteropathogens through competitive exclusion, antagonistic
activity, and the production of bacteriocins (9, 68). Among others,
L. salivarius has gained increasing attention as a promising probi-
otic species (69–71), and the bacteriocins produced by L. salivarius
have been reported to decrease the colonization of broilers by
enteropathogens such as Campylobacter and Salmonella spp. (70,
72). Although L. salivarius is used as a probiotic, its ability to
deconjugate bile acids has been overlooked. When L. salivarius
deconjugates bile acids, they lose their ability to emulsify lipids
and form micelles, thus leading to poor fat digestion and de-
pressed broiler growth (28, 73, 74). The increased relative abun-
dance of L. salivarius in the ileum coincided with the period be-
tween days 20 and 30. The relative abundance of the genus
Clostridium also increased from 8% to 18% between day 22 and
day 36. The genus Clostridium includes potentially pathogenic
species, such as C. perfringens, known to play a role in the devel-
opment of dysbacteriosis (16, 75). As reported by Engberg et al.
(76) and Guban et al. (74), significantly lower levels of both L.
salivarius and C. perfringens were recorded in broilers receiving
feed supplemented with antimicrobial drugs than in those receiv-
ing a nonsupplemented control. The final body weight of broilers
receiving CKMS-30 was 300 g lower than that of broilers fed MBF
(P 	 0.02). As shown in Table 3, birds fed CKMS-30 had higher
concentrations of deconjugated bile acids in the ileum than bird
fed MBF. This suggests that L. salivarius (Table 2) is associated
with bile acid deconjugation and probably contributed to the im-
paired growth of birds receiving CKMS-30.

In summary, the inclusion of CKMS in a maize-based diet had
no influence on the diversity of the gut microbiota, which did not
differ significantly from that with the control maize diet, but the
results demonstrate a significant alteration in the abundances of
specific bacterial populations in relation to the age of broilers. The
significant increases in the ileal abundances of L. salivarius and
clostridia occurring after day 15 could be a factor contributing to
the reduced growth performance of broilers after the withdrawal
of AGPs as feed additives. It is important, therefore, to test the
effects of new nutritional strategies for broilers on the composi-
tion of the microbiota, particularly during the period of 20 to 30
days after hatching.
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